We report here direct measurements of the destruction of charge quantization in a single electron box, the first over the full range of box-to-lead conductance values from G ~ 0 to the conductance quantum G Q = 2e 2 /h, using a sensitive single-electron transistor (SET) electrometer.
The quantization of charge plays a fundamental role in the behavior of quantum dots, which are small, isolated metallic regions connected to a circuit by tunnel junctions 1-3 . Understanding the conditions necessary for charge quantization in such a system is an important topic in many-body theory, analogous to the Kondo problem for spin 4-5. The consequences of charge quantization and related mesoscopic phenomena are also of increasing concern to the microelectronics industry 6 . A quantum dot connected to only a single lead is often referred to as a single electron box 7 . For such a box to contain a quantized number of electrons the tunnel conductance G of the box to its surroundings must be much less than the conductance quantum G Q = 2e 2 /h (here e is the electron charge and h is Planck's constant) 1 . Charge quantization and thermal fluctuations have been studied experimentally and theoretically in 3-dimensional single electron boxes with fixed tunnel conductance and many weakly transmitting channels. 4-5, 7, 8-11 For 2-dimensional quantum dots in semiconductor systems, the loss of charge quantization due to quantum tunneling has been studied theoretically 12-14 and investigated indirectly in transport measurements on single 15 and multiple 16-20 quantum dots. We report here the direct measurement of the destruction of charge quantization in a 2-dimensional quantum box by tunneling through a single 1-dimensional channel with variable tunnel conductance. of the structure, consisting of the electrometer single-electron transistor (SET) on the left, capacitively coupled to the single electron box on the right. Both devices were defined in a GaAs/AlGaAs heterostructure containing a high-mobility (5x10 5 cm 2 /Vs), near-surface (57 nm) two-dimensional electron gas (2DEG) with sheet density 3.7x10 11 /cm 2 . Metal gates (the light regions in Fig. 1(a) ) were deposited on the heterostructure surface using electron beam lithography and Cr-Au metallization. When negative voltages are applied to these gates, electrons in the 2DEG layer below are depleted, reversibly defining the contours of the devices in the 2DEG layer. As shown in the schematic, seven independently tunable metal gates were used to define the two devices. Narrow constrictions defined by the central gate V c and gates V q1 , V q2 , V e1 and V e2 form adjustable quantum point contacts that determine the tunnel-coupling between the electrometer, the box, and the leads. All measurements were done in a He dilution refrigerator cooled to base temperature 25 mK. 
